Trihalomethanes (THMs) were the first disinfection by-products discovered in drinking water and are classified as probable carcinogens. This study measures and models THMs formation at two drinking water distribution systems (WDS1 and WDS2) in Ahvaz City, Iran. The investigation was based on field-scale investigations and an intensive 36-week sampling program, from January to September 2011. The results showed total THM concentrations in the range 17.4-174.8 μg/L and 18.9-99.5 μg/L in WDS1 and WDS2, respectively. Except in a few cases, the THM concentrations in WDS1 and WDS2 were lower than the maximum contaminant level values. Using two-tailed Pearson correlation test, the water temperature, dissolved organic carbon, UV 254 , bromide ion (Br À ), free residual chlorine, and chlorine dose were identified as the significant parameters for THMs formation in WDS2. Water temperature was the only significant parameter for THMs formation in WDS1. Based on the correlation results, a predictive model for THMs formation was developed using a multiple regression approach. A multiple linear regression model showed the best fit according to the coefficients of determination (R 2 ) obtained for WDS1 (R 2 ¼ 0.47) and WDS2 (R 2 ¼ 0.54). Further correlation studies and analysis focusing on THMs formation are necessary to assess THMs concentration using the predictive models.
INTRODUCTION
Chlorine is a widely used disinfectant because of its efficiency, cost-effectiveness, and prevention of water-borne disease transmission (Sadiq & The present study is the first attempt to evaluate THMs formation and to develop a predictive model based on multiple regression analysis using raw and treated water characteristics, operational conditions, and the properties of drinking water in two water distribution systems (WDS1 and WDS2) in Ahvaz, Iran. Ahvaz has a population of 1.2 million, and its drinking water is supplied by two water treatment plants (WTP1 and WTP2). The Karun River is the major source of raw water for WTP1 and WTP2. The deterioration of the quality of this river's water is a serious public concern; it receives tonnes of untreated municipal, industrial, and agricultural wastewaters annually. Recently, due to reduced precipitation in the region, the river's pollution has been concentrated, especially in terms of organic matter. Furthermore, the conventional treatment process used in local WTPs cannot guarantee organic matter removal. Consequently, the risk of THMs formation in the finished water is increasing.
In this research, we presented the profile of THMs and factors leading to their formation in WDS1 and WDS2. In Table 1 | Toxicological information and standards/guideline related to THMs (mg/L) (Sadiq & Rodriguez 2004; USEPA 2006; WHO 2008; ISIRI 2009) final chlorination (typically up to 2.5 mg/L).
Sampling procedure
We designed the sampling period to cover both cold and warm seasons and so consider the impact of seasonal changes on the water quality. A 36-week sampling period was carried out from January to September 2011. Samples were taken from various locations to provide a comprehensive evaluation of the water quality in WDS1 and WDS2 ( 
RESULTS AND DISCUSSION
Average seasonal values of the filtered (i.e. after sand filters)
and distributed water quality parameters and operational parameters of WTP1 and WTP2 are shown in Table 3 .
These parameters were analyzed as they are important in THMs formation. Apart from the ammonia concentration and Cl 2 dose, whose values were almost two times greater in WDS1 than in WDS2, the values of the remaining parameters were comparable in the two distribution systems.
Importantly, it was observed that the values of some of the parameters measured in WDS1 and WDS2 increased as the water temperature increased due to seasonal change from about 17 W C in winter to 30 W C in summer. According to Table 3 , the humic nature of NOM (as indicated by SUVA) in the distribution systems increased linearly as the water temperature increased. Bromide also showed a similar trend, and its concentration increased in both distribution systems from about 140 to 171 μg/L. Overall, the elevated concentrations of these parameters in summer resulted in the increased concentrations of THMs in the WDS1 and WDS2 distribution systems.
As shown in As shown in Figure 1 and We compared the THMs concentration in the various seasons to determine whether seasonal values differed significantly, and indeed statistical analysis (ANOVA) did Unlike in colder seasons, summer's higher bromide concentration can be due to the elevated water temperature and higher evaporation rate in the water source (Toroz & Uyak ) . We observed higher concentration of the bromide in the Karun River during summer than in spring and winter.
We compared the THMs concentrations obtained in this study with the standard values set by the regulatory agencies 
Correlation results for THMs with independent variables
A two-tailed Pearson test was employed to determine the correlation matrix for the THMs with regard to the water quality and operational parameters in WDS1 and WDS2 (Table 6 ). As shown in Table 6 , we observed a positive and significant correlation (r ¼ 0.413, p value ¼ 0.012) shows that the seasonal variations in water temperature influenced the reaction rates between chlorine and THMs precursors. This influence led to the decay of more chlorine and reduction of the free residual chlorine, and therefore a higher demand for chlorine dose (Toroz & Uyak ) .
A positive and significant correlation was seen between the THMs and the Br À concentration, indicating the elevated THMs concentration with increase of the Br À concentration (Zha et al. ) . In addition, the low UV 254
and SUVA values in the drinking water demonstrated that the hydrophilic fraction of NOM was greater than the hydrophobic fraction. Therefore, formation of the brominated THMs was expected due to the higher reaction tendency of NOM with Br À than with chlorine (Liang & Singer ) . In addition, in the presence of chlorine and bromine ions in water containing NOM, the haloform substitution efficiency (i.e. CHX 3 produced per mole X 2 consumed) for bromine is greater than that for chlorine because the bromine has higher electron density and lower bond strength than chlorine atoms (Westerhoff et al. ) .
Modeling THMs formation within distribution systems
Various regression models were exercised to develop a structured model for THMs prediction in the distribution systems. The sample size (n), significance (P value ), and coefficient of correlation (R 2 ) for each model are presented in Table 7 . Based on the coefficients of determination, the best fit was obtained from the linear regression model for both WDS1 (R 2 ¼ 0.47, P value < 0.05) and WDS2 (R 2 ¼ 0.54, P value < 0.05). However, the coefficient of determination value of the THMs linear predictive model for WDS2 was greater than that for the WDS1 (Table 7) . This observation holds true for overall comparison of the various regression models applied for WDS1 and WDS2, probably because the number of samples was greater for WDS2 than that for WDS1. Furthermore, the greater coefficient of determination for WDS2 can be attributed to more significant correlation values between THMs and independent variables in WDS2 than in WDS1. The coefficient of determination obtained in this study was comparable to those THMs predictive models, it appears that the parameters affecting THMs formation in water treatment systems require further investigation to increase the precision of these predictive models (Nikolaou et al. ) . The overall results may help to identify operational strategies for water utility operators to use in minimizing THMs formation and improving decision-making for management of public health risks associated with THMs.
